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 
 
 
 
|   t |s
 
s
t (   ) log
|   t |
  t (   )
 
 
 
 
  E sup
s   D   ,    V (    0 )
 
 
 
 
|   t |s
 
s
t (   )
 
 
 
 
r +1
r
E sup
    V (    0 )
 
 
 
 
log |   t |
  t (   )
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mn ( dopt , 0 ,  0)3
 
.
dn
 
n
 
      n
 d ( dopt ,  0)       d ( dopt )
 
  N (0 ,  dopt ) ,
 
2
    n
 d 2 (  d,   ) a.s   
2
 
 
 d 2 ( dopt ,  0)
 
 
( s,  ) mn ( s, 0 ,  ) m  ( s, 0 ,  )
m
 
( s, 0 ,  0) m ( s, 0)
˜ mn (  d,   )
m ( dopt , 0)
 
2
 
 
 d 2 ( dopt ,  0)=
24
d4opt
 
m (2 dopt , 0)
m2( dopt , 0)   1
 
 
32
d3opt
m (2 dopt , 1) m ( dopt , 0)   m (2 dopt , 0) m ( dopt , 1)
m ( dopt , 0)3
+
8
d2opt
2 m (2 dopt , 2) m ( dopt , 0)
m3( dopt , 0)
 
8
d2opt
m (2 dopt , 0) m ( dopt , 2)   m (2 dopt , 1) m ( dopt , 1)
m3( dopt , 0)
+
24
d2opt
m (2 dopt , 0) m2( dopt , 1)   m (2 dopt , 1) m ( dopt , 0) m ( dopt , 1)
m4( dopt , 0) . ( A. 12)
  
 d ( dopt)=
  8
d3opt
 
m (2 dopt , 0)
m ( dopt , 0)2   1
 
+
8
d2opt
m ( dopt , 0) m (2 dopt , 1 , )   m (2 dopt , 0) m ( dopt , 1)
m ( dopt , 0)3 =0 ,
8
d3opt
 
m (2 dopt , 0)
m ( dopt , 0)2   1
 
=
8
d2opt
m ( dopt , 0) m (2 dopt , 1 , )   m (2 dopt , 0) m ( dopt , 1)
m ( dopt , 0)3 .
32
d4opt
 
m (2 dopt , 0)
m ( dopt , 0)2   1
 
=
32
d3opt
m ( dopt , 0) m (2 dopt , 1 , )   m (2 dopt , 0) m ( dopt , 1)
m ( dopt , 0)3 ,
 
  3m ( dopt , 1)
m ( dopt , 0)
 
8
d3opt
 
m (2 dopt , 0)
m ( dopt , 0)2   1
 
=
 
  3m ( dopt , 1)
m ( dopt , 0)
 
8
d2opt
m ( dopt , 0) m (2 dopt , 1 , )   m (2 dopt , 0) m ( dopt , 1)
m ( dopt , 0)3 .
 
2
 
 
 d 2 ( dopt ,  0)
 
2
 
 
 d 2 ( dopt ,  0)=
8
d2opt
2 m (2 dopt , 2) m ( dopt , 0)   m (2 dopt , 1) m ( dopt , 1)
m3( dopt , 0)
 
8
d2opt
m (2 dopt , 0) m ( dopt , 2)
m3( dopt , 0)
 
8
d3opt
 
m (2 dopt , 0)
m2( dopt , 0)   1
  
1
dopt
+3 m ( dopt , 1)
m ( dopt , 0)
 
.
 
2
˜   n
 d   ( ˜d,   ) a.s   
2
 
 
 d   ( dopt ,  0)=0 .
  
 d ( dopt)=0
 
n
      n
 d ( dopt ,  0)   N (0 ,  dopt ) .
X t =
 
 
 
 
|   t |d
|   t |2 d
|   t |dlog |   t |
|   t |2 dlog |   t |
 
 
 
 
,
X t X n
X n =
 
 
 
 
mn ( dopt , 0 ,  0)
mn (2 dopt , 0 ,  0)
mn ( dopt , 1 ,  0)
mn (2 dopt , 1 ,  0)
 
 
 
 
.
E ( X t )
E ( X t )=
 
 
 
 
m ( dopt , 0)
m (2 dopt , 0)
m ( dopt , 1)
m (2 dopt , 1)
 
 
 
 
,
 
n ( X n   E ( X t ))
 
n ( X n   E ( X t ))=   n
 
 
 
 
mn ( dopt , 0 ,  0)   m ( dopt , 0)
mn (2 dopt , 0 ,  0)   m (2 dopt , 0)
mn ( dopt , 1 ,  0)   m ( dopt , 1)
mn (2 dopt , 1 ,  0)   m (2 dopt , 1)
 
 
 
 
  N (0 ,   dopt ) ,
cov ( m ( u,v,  0) m ( u  ,v   ,  0))= m ( u + u  ,v + v  )   m ( u,v ) m ( u  ,v   ) .
  dopt =
 
 
 
 
  1 ,dopt
  2 ,dopt
  3 ,dopt
  4 ,dopt
 
 
 
 
,
 
 
1 ,dopt =
 
 
 
 
m (2 dopt , 0)   m ( dopt , 0)2
m (3 dopt , 0)   m ( dopt , 0) m (2 dopt , 0)
m (2 dopt , 1)   m ( dopt , 0) m ( dopt , 1)
m (3 dopt , 1)   m ( dopt , 0) m (2 dopt , 1)
 
 
 
 
,
 
 
2 ,dopt =
 
 
 
 
m (3 dopt , 0)   m ( dopt , 0) m (2 dopt , 0)
m (4 dopt , 0)   m (2 dopt , 0)2
m (3 r, 1)   m (2 r, 0) m ( r, 1)
m (4 dopt , 1)   m (2 dopt , 1) m (2 dopt , 0)
 
 
 
 
,
  
3 ,dopt =
 
 
 
 
m (2 dopt , 1)   m ( dopt , 0) m ( dopt , 1)
m (3 dopt , 1)   m (2 dopt , 0) m ( dopt , 1)
m (2 dopt , 2)   m ( dopt , 1)2
m (3 dopt , 2)   m ( dopt , 1) m (2 dopt , 1)
 
 
 
 
,
 
 
4 ,dopt =
 
 
 
 
m (3 dopt , 1)   m ( dopt , 0) m (2 dopt , 1)
m (4 dopt , 1)   m (2 dopt , 1) m (2 dopt , 0)
m (3 dopt , 2)   m ( dopt , 1) m (2 dopt , 1)
m (4 dopt , 2)   m (2 dopt , 1)2
 
 
 
 
.
      n
 d ( dopt ,  0)=
  
 d ( dopt)+ 
 
dopt
 
 
 
 
mn ( dopt , 0 ,  0)   m ( dopt , 0)
mn (2 dopt , 0 ,  0)   m (2 dopt , 0)
mn ( dopt , 1 ,  0)   m ( dopt , 1)
mn (2 dopt , 1 ,  0)   m (2 dopt , 1)
 
 
 
 
,
Var (       n
 d ( dopt ,  0))= 
 
dopt
  dopt
n
  dopt
  dopt = 
 
dopt   dopt   dopt
  dopt T ( m ( u,v ))
  
 d ( dopt)= T
 
 
 
 
m ( dopt , 0)
m (2 dopt , 0)
m ( dopt , 1)
m (2 dopt , 1)
 
 
 
 
.
  dopt =
 
 
 
 
 
 T
 m ( dopt , 0)
 T
 m (2 dopt , 0)
 T
 m ( dopt , 1)
 T
 m (2 dopt , 1)
 
 
 
 
 
=
 
 
 
 
 
 
 
16
d3opt
m (2 dopt , 0))
m 3 ( dopt , 0)  
16
d2opt
m (2 dopt , 1))
m 3 ( dopt , 0) +
24
d2opt
m ( dopt , 1)) m (2 dopt , 0))
m4 ( dopt , 0)
  8
d3opt
m ( dopt , 0))
m 3 ( dopt , 0)  
8
d2opt
m ( dopt , 1))
m 3 ( dopt , 0)
  8
d2opt
m (2 dopt , 0))
m 3 ( dopt , 0)
8
d2opt
1
m 2 ( dopt , 0)
 
 
 
 
 
 
 
  dopt
  dopt   =   1,  2,  3,  4   =0
  k
 
  cov ( X t ,X  t )   = var (  X t ) ,
var (  X t )=0  X t =   k a.s.
f (   1)=   1|   1 |d +   2 |   1 |2 d +   3 |   1 |dlog |   1 | +   4 |   1 |2 dlog |   1 |    k =0 a.s.
z = |   t |r   ( z )= f (   1)
  ( z )=   1z +   2z2 +   3z 1dlog ( z )+   4z
2 1
dlog ( z )     k =0 a.s.
  ( z )
 
3
  ( z )
 z
=
    3
dz2 +
2   4
dz ,
 
3
  ( z )
 z
=0 z =   32   4   ( z )
 
2
˜   n
 d 2 (
˜d,   )    
2
˜   n
 d 2 ( dopt ,  0)= o (1) . a.s ( A. 13)
s   [ ˜d,dopt]  
    0
 
2
˜   n
 d 2 (
˜d,   )=  
2
˜   n
 d 2 ( dopt ,  0)+
 
3
˜   n
 d 3 ( s,  )(
˜d   dopt)+  
3
˜   n
 d 2   ( s,  )(       0) .
lim
n
sup
s   Vk ( d ) ,    V (   0 )
 
 
 
 
 
2
˜   n
 d 2 (
˜d,   )
 
 
 
 
  lim
n
sup
s   Vk ( d ) ,    V (   0 )
 
 
 
 
 
2
˜   n
 d 2 ( dopt ,  0)
 
 
 
 
+ lim
n
sup
s   Vk ( d ) ,    V (   0 )
 
 
 
 
 
3
˜   n
 d 3 ( s,  )(
˜d   dopt)
 
 
 
 
| ˜d   dopt |
+ lim
n
sup
s   Vk ( d ) ,    V (   0 )
 
 
 
 
 
3
˜   n
 d 2   ( s,  )
 
 
 
 
 
 
      0
 
 
.
Cin ( ˜d,   ) F in ( ˜d,   ) i =1 ,...,n n   N
 
3
˜   n
 d 2   (
˜d,   )= 24
˜d4
C1n ( ˜d,   )
˜ m4n ( ˜d, 0 ,   )
 
32
˜d3
C2n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
+
8
˜d2
C3n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
 
8
˜d2
C4n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
+
24
˜d2
C5n ( ˜d,   )
˜ m8n ( ˜d, 0 ,   )
, ( A. 14)
 
3
˜   n
 d 3 (
˜d,   )=   96
˜d5
F 1n ( ˜d,   )
˜ m2n ( ˜d, 0 ,   )
+
96
d5 +
24
˜d4
F 2n ( ˜d,   )
˜ m4n ( ˜d, 0 ,   )
+
96
˜d4
F 3n ( ˜d,   )
˜ m3n ( ˜d, 0 ,   )
 
32
˜d3
F 4n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
 
16
˜d3
F 5n ( ˜d,   )
˜ m3n ( ˜d, 0 ,   )
+
8
˜d2
F 6n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
+
16
˜d3
F 7n ( ˜d,   )
˜ m3n ( ˜d, 0 ,   )
 
8
˜d2
F 8n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
 
48
˜d3
F 9n ( ˜d,   )
˜ m4n ( ˜d, 0 ,   )
+
24
˜d2
F 10n ( ˜d,   )
˜ m8n ( ˜d, 0 ,   )
. ( A. 15)
Cin ( ˜d,   ) F in ( ˜d,   ) ˜ mn ( u,v,   )   ˜ m n ( u,v,   )
  
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
C1n ( ˜d,   )
 
 
 
< +   ,
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
F 1n ( ˜d,   )
 
 
 
< +   ,
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
 
 
3
˜   n
 d 2   ( s,  )
 
 
 
 
< +   ,
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
 
 
3
˜   n
 d 3 ( s,  )
 
 
 
 
< +   .
n  
2
˜   n
 d 2 ( dopt ,  0)
 
2
 
 
 d 2 ( dopt ,  0) n    .
s   [ ˜d,dopt]       0
 
2
    n
 d   (
˜d,   )=  
2
˜   n
 d   ( dopt ,  0)+
 
3
˜   n
 d 2   ( s,  )(
˜d   dopt)+  
3
˜   n
 d       ( s,  )(       0) .
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
 
 
2
˜   n
 d   (
˜d,   )    
2
˜   n
 d   ( dopt ,  0)
 
 
 
 
  lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
 
 
3
˜   n
 d 2   ( s,  )
 
 
 
 
( ˜d   dopt)
+ lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
 
 
3
˜   n
 d       ( s,  )
 
 
 
 
 
 
      0
 
 
.
K in ( ˜d,   ) i =1 ,...,n n   N
 
3
˜   n
 d       (
˜d,   )=   8
˜d3
K 1n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
+
8
˜d2
K 2n ( ˜d,   )
˜ m6n ( ˜d, 0 ,   )
 
8
˜d2
K 3n ( ˜d,   )
˜ m8n ( ˜d, 0 ,   )
 
24
˜d2
K 4n ( ˜d,   )
˜ m8n ( ˜d, 0 ,   )
. ( A. 16)
kin ( ˜d,   ) ˜ mn ( u,v,   )   ˜ m n ( u,v,   )
  
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
K 1n ( ˜d,   )
 
 
 
< +   ,
lim
n
sup
s   Vk ( d ) ,   V (    0 )
 
 
 
 
 
3
˜   n
 d       (
˜d,   )
 
 
 
 
< +   .
 
2
˜   n
 d   ( ˜d,   )
 
2
˜   n
 d   ( dopt ,  0) .
 2
 
 
 d   ( dopt ,  0)=
 
2
˜   n
 d   ( dopt ,  0)+ o (1) ,a.s
 
2
 
 
 d   ( dopt ,  0)=
 
2
˜   n
 d   (
˜d,   )+ o (1) .a.s
mn,D ( u,v,  )= 1n
  n
t =1 Dt (   ) |   t (   ) |u ( log |   t (   ) | )v
mn,D ( u,v,  ) mD ( u,v )
mD ( u,v )= ED t (   ) m ( u,v ) .
 m n
  
( s, 0 ,  )=   smn,D ( s, 0 ,  ) ,
 m n
  
(2 s, 0 ,  )=   2 smn,D ( s, 0 ,  ) ,
 m n
  
( s, 1 ,  )=   smn,D ( s, 1 ,  )   mn,D ( s, 0 ,  ) ,
 m n
  
(2 s, 1 ,  )=   2 smn,D (2 s, 1 ,  )   mn,D (2 s, 0 ,  ) . ( A. 17)
 
2
 
 
 d   ( dopt ,  0) mD ( u,v ) .
 
2
 
 
 d   ( dopt ,  0)=
 
2
˜   n
 d   ( dopt ,  0)+ o (1) ,a.s
 
2
 
 
 d   ( dopt ,  0)=
16
d2opt
1
m3( dopt , 0) [ mD (2 dopt , 0) m ( dopt , 0)   m (2 dopt , 0) mD ( dopt , 0)]
+
16
dopt
1
m3( dopt , 0) [ mD ( dopt , 0) m (2 dopt , 1)   mD (2 dopt , 1) m ( dopt , 0)]
 
8
dopt
1
m3( dopt , 0) [ mD (2 dopt , 0) m ( dopt , 0)   mD ( dopt , 0) m (2 dopt , 0)]
+
8
dopt
3 m ( dopt , 1)
m3( dopt , 0) [ mD (2 dopt , 0) m ( dopt , 0)   mD ( dopt , 0) m (2 dopt , 0)]
=0 . ( A. 18)
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   
LLS ( y )=( f ( x )   y )2.
4 . 7   10  3
X Y
(  ,A,P )   A P : A   R
   
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f ( x )=   T   ( xi )+ b,
yi = f ( xi )+ ei ,
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K ( x,x i )= exp
 
   x   xi  
2 / 2   2
 
.
Rn
 min
 ,b,e
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=
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